Introduction
Reynoldsstressturbulence modelingbeganin the early 40's (Chou 1940 (Chou ,1945 and sincethen it has been developedby both physicistsand engineers,e.g., Rotta (1951) , Lumley and Khajeh-Nouri (1974) , Launder et al. (1975) , Pope (1975) , Zeman and Lumley (1979) , Speziale (1991) , and Shih and Shabbir (1992) . 
where
Here, a is the volume expansion coefficient, IIij is the pressure-velocity correlation tensor, u is the molecular viscosity and e is the dissipation rate of the turbulent kinetic energy e, and Dis is the diffusion term.
Of special interest is the equation for the turbulent kinetic energy e:
where 
where b0 is the traceless Reynolds stress tensor defined as follows
The olher tensors are defined as follows: 
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In other words, only the slow terms and one single rapid term (the first term in the expression of II !?) -u ) are retained; most of the rapid terms are neglected, and no buoyancy effects on the pressure correlation are included. In Section 6, we will show how these missing terms lead to some of the model deficiencies, e.g., failure to match the data in the neutral surface layer as well as in the stably stratified flows.
4. Algebraic Reynolds stress and heat flux models (AM)
a. Prognostic equations
The mean wind Ui and mean potential temperature ® are solved prognostically using Eqs.(la-c).
b. .4 hierarchy of turbulence models
We present our new AM model as a hierarchy of different levels (levels 3, 2.5 and 2).
In the level 3 model, the turbulent kinetic energy e and the temperature variance 0 2 are solved from their prognostic equations (see Appendix), while the other second moments are solved from algebraic equations.
In the level 2.5 model, the prognostic model equation for 0 2 is reduced to an algebraic relation.
In the level 2 model, the prognostic equations for both e and 02 are replaced by corresponding algebraic equations.
The turbulent kinetic energy dissipation rate e and temperature variance dissipation rate (o could be solved from their prognostic equations, or they could be parameterized.
Here we express them in terms of the corresponding dissipation time scales, r and to:
T TO In Section 6 we will discuss a parameterization of r and 7-o.
In the main text of this paper we will concentrate on the level 2.5 and 2 models.
c. Algebraic equations for the second moments
Combining (2a) and (2f), we can obtain the equation for bij, Eq.(5d):
Assuming that the left side of (8a) 
These model constants will be given in Section 6. Similarly, in the prognostic equation (3a) + Ao ZiF (lOa) where 
and the rotation term can be approximated as 
Since the level 2.5 and level 2 models catch the main features of the second-order closure models and are easy to use, they have become the most popular second-order closure models in the PBL community. We will concentrate on them in the sections below. Yet, the level 3 model has its own strength in that it produces counter gradient heat fluxes, a phenomenonobservedin the upper part of the PBL. In the Appendix we will presentthe details of the level 3 model for completeness and for future reference.
c. Level 2.5 model
In the level 2.5 model, the turbulent kinetic energy e is solved form its prognostic equation:
The differential equation for the temperature variance 02 is given by (11) 
Eqs. (15) can be solved using symbolic algebra. The results are:
where GH and GM are the dimensionless gradients for the mean potential temperature and the mean velocity 
which can be re-written as an equation for GM (or for GH) that depends on only one parameter, the gradient Richardson number,
The resulting equation is:
where ),1 = 4 6 \-_1)
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where the constants A1, B1, A2 and B2 are determined u e 1 3`2 -1-33`3
In the MY model )'2 = 3`3, which makes v 2 = w _, while in the present model A2 and Az are two independent parameters, and we choose to determine them according to Shih 
From (10a), the algebraic equation for the heat flux wO is:
All the other algebraic equations for the Reynolds stress and the heat flux are the same as the level 2.5 model, (15a-h), except (15i), which is replaced by (A2) in the level 3 model. We solve (15a-h) and (A2) using symbolic algebra and the results are: 
